In vitro culture of one-cell embryos from most strains of mouse is known to result in developmental arrest during the G2 phase of the second cell cycle, when the major zygotic gene activation occurs. This developmental arrest is referred to widely as the 'two-cell block'. In some strains, such as the ICR strain, the developmental block is alleviated by adding ethylenediaminetetraacetate (EDTA) to the culture medium, resulting in an increased proportion of one-cell embryos that develop to the blastocyst stage (Abramczuk et al., 1977; Hoshi and Toyoda, 1985; Chatot et al., 1989; Lawitts and Biggers, 1992; Gardner and Lane, 1996 (Halliwell and Gutteridge, 1984). Inclusion of superoxide dismutase (SOD) in culture medium without EDTA partially alleviates the two-cell block, although the effects of SOD are disputed and variable (Legge and Sellens, 1991; Noda et al., 1991; Payne et al., 1992; Johnson and Nasr-Esfahani, 1994 (Yamada et al., 1987; Stadtman, 1993; Asaumi et al., 1996; Okada, 1996; Zhao et al., 1996). Production of oxygen radicals, such as hydroxyl radicals, in the presence of polyaminocarboxylates tends to increase with decreased complex stability: NTA у EDDA ӷ EDTA > DTPA (Asaumi et al., 1996; Okada, 1996; Zhao et al., 1996). Furthermore, it has been reported that iron-chelated EDTA (Fe-EDTA) plays a catalytic role and promotes the oxidation of amino acids by the classical Fenton system (Asaumi et al., 1996; Zhao et al., 1996). Moreover, although the metal ion complexes formed with EDTA and EGTA have similar stability constants, Hoshi and Toyoda (1985) 
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In vitro culture of one-cell embryos from most strains of mouse is known to result in developmental arrest during the G2 phase of the second cell cycle, when the major zygotic gene activation occurs. This developmental arrest is referred to widely as the 'two-cell block'. In some strains, such as the ICR strain, the developmental block is alleviated by adding ethylenediaminetetraacetate (EDTA) to the culture medium, resulting in an increased proportion of one-cell embryos that develop to the blastocyst stage
 (Abramczuk et al., 1977; Hoshi and Toyoda, 1985; Chatot et al., 1989; Lawitts and Biggers, 1992; Gardner and Lane, 1996) 
. As EDTA is a cell membrane-impermeable metal ion chelator, the effects of EDTA may be exerted by chelating extracellular transition metal ions such as zinc, copper and iron. For example, chelation of transition metal ions by EDTA generally prevents the ions from participating in chemical reactions that generate harmful oxygen radicals
. Inclusion of superoxide dismutase (SOD) in culture medium without EDTA partially alleviates the two-cell block, although the effects of SOD are disputed and variable (Legge and Sellens, 1991; Noda et al., 1991; Payne et al., 1992; Johnson and Nasr-Esfahani, 1994 (Yamada et al., 1987; Stadtman, 1993; Asaumi et al., 1996; Okada, 1996; Zhao et al., 1996) . Production of oxygen radicals, such as hydroxyl radicals, in the presence of polyaminocarboxylates tends to increase with decreased complex stability: NTA у EDDA ӷ EDTA > DTPA (Asaumi et al., 1996; Okada, 1996; Zhao et al., 1996) . Furthermore, it has been reported that iron-chelated EDTA (Fe-EDTA) plays a catalytic role and promotes the oxidation of amino acids by the classical Fenton system (Asaumi et al., 1996; Zhao et al., 1996) . Moreover, although the metal ion complexes formed with EDTA and EGTA have similar stability constants, Hoshi and Toyoda (1985) (Yamaguchi and Matsui, 1989; Larson and Kitto, 1999) . Deferoxamine has a similar stability constant to EDDA for zinc and copper, but has the highest stability constant for iron among the chelators examined, and is generally used as a selective iron chelator (Nasr-Esfahani et al., 1990) . In embryos treated with 10 and 100 µmol dipicolinic acid l -1 , the rates of development to the four-cell (6% and 27%, respectively) (Nasr-Esfahani et al., 1990 (Haraguchi et al., 1996) , the developmental arrest at the two-cell stage of in vivo fertilized AKR/N pronuclear stage embryos could be alleviated by the addition of 10 µmol EDTA l -1 , even in phosphate-containing medium (T. Matsukawa, S. Ikeda and M. Yamada, unpublished) .
Materials and Methods
Chemicals
Polyaminocarboxylates are generally believed to be cell membrane-impermeable chelators as they are negatively charged, which prevents their intracellular transport. Therefore, the various biological effects of polyaminocarboxylates are thought to be exerted extracellularly (Morimoto et al., 1992; Chattopadhyay and Freake, 1998; Lefebvre et al., 1998; Sciaudine et al., 2000) . If exogenous polyaminocarboxylates could be incorporated into early mouse embryos through endocytosis, they should be capable of acting intracellularly. However, early cleavage-stage mouse embryos lack effective endocytotic capacity (Nasr-Esfahani and Johnson, 1992) . Moreover, when NTA and EDDA chelate metal ions, they form uncharged complexes that are able to penetrate the membrane and may also act inside the cell (Kachur et al., 1998 (Gardner and Lane, 1993) . The excess utilization of glucose by embryos at early cleavage stages has been implicated in the induction of embryonic arrest in culture (Barbehenn et al., 1974; Chatot et al., 1989; Brown and Whittingham, 1991, 1992; Martin and Leese, 1995) , which appears to be mediated by the Crabtree effect, inhibition of respiration and oxidative phosphorylation by glucose (Crabtree, 1929; Seshagiri and Bavister, 1971) . Moreover, it appears that the mechanism of suppression of the high glycolytic activity of early cleavage stage embryos by EDTA is due to the inhibition of cytosolic kinases involved in the glycolytic pathway (Lane and Gardner, 1997) . Lane and Gardner (2001) 
